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RESUME 
Sur la base de collectes exhaustives de données et des relevés pluviométriques dans 
une zone test (380 ha) ainsi que sur la base de recherches littéraires détaillées, les 
insécurités des bases de données sont décrites en relation avec la méthode de 
collecte de données utilisée. Les répercussions de ces insécurités sont analysées en 
confrontation avec les effets des mesures de gestion. A l'aide de screening 
statistiques, les principaux paramètres de départ relatifs aux différents déterminantes 
et modèles sont déterminés à titre d´exemple. Les résultats constitueront un 
important instrument d´aide à la décision pour la désignation des investissements 
futurs en vue de l´amélioration des bases de données de planifications liées à la 
gestion des eaux. 
ABSTRACT 
On the basis of extensive data surveys and rainfall-runoff measurements in a test 
catchment area (A = 318 ha), together with a detailed search of the literature, a 
description is made of uncertainties in the underlying data arising from the method of 
data collection. The impact of these uncertainties is compared and contrasted with 
the impact of certain measures (e.g. RTC). It is demonstrated that the same 
importance has to be attached to the quality of the underlying data as to the 
development of water quality enhancement measures. Statistical screening methods 
are used to determine significant input parameters for various models. The results are 
an important aid to decision-making when establishing future capital projects for 
improving the data stock underlying water resources engineering schemes. 
KEYWORDS 
Monte-Carlo simulation, rainfall-runoff measurements, real-time control, sensitivity 
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1 INTRODUCTION 
In addition to the established emission-oriented (output-oriented) planning tools, 
newer and simplified immission-oriented (input-oriented) planning tools are now being 
used in the design of wastewater systems consisting of sewage systems and 
treatment plants. Detailed immission-oriented planning tools are being examined in 
current research work (e.g. Erbe et al., 2002; Hoppe et al., 2004a; Seggelke et al., 
2004). Compliance with emission and immission requirements may necessitate 
measures aimed at reducing pollution levels in receiving waters. Nowadays, the 
construction of storage capacities is also supplemented by measures involving 
sophisticated engineering work (e.g. integrated RTC systems), which make great 
demands on both planners and operators (Schuetze et al., 2006). In many cases 
these measures require substantial capital investment and expenditure on planning. 
Regardless of the “planning tool” or model employed, the input data are the 
fundamental aspect of every wastewater system design. Consequently, it is a matter 
of crucial importance for the success of a given scheme that the quality of the 
underlying data be factored into the decision-making process regarding the 
appropriate measures. This paper deals with the development and application of a 
methodology for a comparative examination both (A) of the impact of errors and 
uncertainties in the input data and (B) of the repercussions of measures aimed at 
improving water quality in the receiving waters  on the results of emission- and 
immission-oriented planning tools. 
2 METHODS 
2.1 Models, planning tools and reference catchment area 
The investigations were carried out on the following two planning tools (models): the 
German ATV-A 128 standard (emission-oriented) and the simplified immission-
oriented planning tool based on the BWK M3 instruction sheet, both of which are 
already being used under practical conditions (ATV, 1992; BWK, 2001). The main 
target quantity posited by ATV-A 128 is the portion of storm water discharged into 
surface waters from combined sewage systems. The BWK-M3 instruction sheet’s 
computational algorithm gives the NH3 and O2-concentrations in the surface waters. 
The reference area was a real catchment area (318 ha), which was input into the 
various computational algorithms and models with its actual status. A (calibrated) 
hydrological model of the system, MOMENT V6.0, was used to make the rainfall-
runoff calculations (based on long-term simulations, 21 years). A description of the 
catchment and the various flow and precipitation measurements (Figure 1) is given in 
Hoppe et al. (2004b). 
2.2 Determination of the degree of uncertainty affecting the input 
data 
Errors and uncertainties in the input data - consisting of precipitation, area character-
istics, characteristics of CSO structures (throttle settings) and runoff values (sewer 
infiltration water flow) described in the literature - were analysed relative to the data 
sampling method and then compared with the input data determined for the test 
catchment area. In performing these operations it was possible for the results of a 
three-year measuring campaign to be used. The percentages of paved surfaces 
affecting discharges were determined (aerial photos, effluent balances) and the 
building structures were remeasured. On the basis of the investigations, the errors 
and uncertainties present in the input data were shown to be reflected in the planning 
tools (e.g. via definitions of value ranges and distribution functions) 
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Figure 1: Schematic flow diagram and measuring points in the test catchment area 
2.3 Measures vs. data quality 
The three measures designed to reduce pollution levels in the receiving waters that 
were investigated consisted of:  
• the construction of storage capacities in the sewage system  
• the disconnection of catchment areas from the system in favour of the use of 
rainfall infiltration/percolation and  
• real-time control (RTC) of the sewer system. 
The impact of these measures on the quantities discharged into the surface waters 
and on the ammonia and oxygen concentrations ensuing were compared and 
contrasted with the uncertainties affecting the input data. 
2.4 Statistical investigations aimed at identifying the relevant 
input data 
During the investigations into the significance of the input parameters both the Morris 
screening procedure (Morris, 1991) and correlation and regression calculations were 
carried out (Monte-Carlo simulation). The Morris screening procedure is a “global 
one-factor-at-time experiment” made up of several individual OAT-experiments 
(Saltelli et al., 2004). During this procedure, the entire (value) range of the input 
parameters is considered. The aims of the procedure are both to identify input 
parameters that have a negligible impact on the distribution of the target variables 
under examination and to differentiate between input parameters that have a linear or 
a nonlinear impact on the target variables. To summarise the procedure proposed by 
Morris it is assumed that the k-dimensional vector X of the model input has 
components Xi each of which can assume integer values in the set of {0, 1/(p-1), 2/(p-
1), ..., 1}. The region of experimentation is then a k-dimensional p-level grid (Ω); 
rescaled to generate the actual values of the input factors of the model under 
consideration. Morris suggested that the so-called “elementary effect” should be 
computed. The elementary effect of the ith input factor for a given value x of X is 
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Where Δ is a predetermined multiple of 1/(1-p) and x = (x1, ..., xk) is any selected 
value in Ω with the requirement that the point x+ei·Δ is still in Ω for each index 
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By randomly sampling different x from Ω the (finite) distribution Gi of the elementary 
effects associated with the ith input factor is obtained. The sensitivity criteria for each 
input factor are: μ, an estimate of the mean of the distribution Gi and σ, an estimate of 
the standard deviation of Gi. A high μ value shows an input factor with a great impact 
on the output from the model. A high σ value indicates an input factor exhibiting 
interaction with other input factors or an input factor whose effect on the output from 
the model is non-linear.The procedure is also suitable for complex models having a 
substantial number of input parameters and, in addition, it dispenses with the need for 
assumptions on the relationship between the input parameters and the target 
variables (e.g. linearity). 
3 UNCERTAINTY AFFECTING THE INPUT DATA 
3.1 Precipitation measurements - point measurements and arial 
precipitation 
In most cases, precipitation measurements take the form of point measurements 
(tipping bucket or weight-based rain gauge). The arial precipitation for the catchment 
concerned is then calculated from these measurements. Accordingly, some 
uncertainty is associated with the measurement itself (wind-related errors, wetting 
losses, splashwater losses, ...) or is due to regionalising the point measurements. 
Depending on the measuring system used, the uncertainty associated with the point 
measurements may be as high as 20 % of the total height of precipitation 
(Frankhauser, 1998; La Barbera et al., 2002; Maksimović et al., 1991; Rauch et al., 
1998; Vasvári, 2003;). Investigations relating to the regionalization of point 
measurements (Einfalt et al., 1998; Vaes et al., 2003) demonstrate that arial 
precipitation may be overestimated by as much as 24 %. In own tests, two rain 
recording gauges of identical design (tipping bucket) were set up at the same site. 
Differences ranging from 5 % to 25 % were observed with regard to single 
precipitation events (daily, hourly values), especially ones of short duration and high 
intensity such as are necessary for calibrating and validating rainfall-runoff models. 
The difference in total height of precipitation (measuring period: 3 months) was about 
4.4 % (Hoppe, 2006). 
3.2 Paved surfaces, unpaved surfaces and run-off coefficients 
When ascertaining the sizes of various surfaces, a distinction has to be made 
between determination of the paved and unpaved surfaces connected up to the 
sewage system (proportion of paved area) and determination of the run-off 
coefficients. If surfaces are determined by means of terrestrial measurements, the 
uncertainties that ensue are of no practical significance as regards urban drainage 
problems (Laube and Willems, 1991). In the evaluation of aerial photos, differences in 
the order of 0.4 % to 10 % are described (e.g. Becker et al., 1998; Frankhauser, 
1999). To determine run-off from paved and unpaved surfaces, run-off coefficients 
are calculated that are based on data from the literature or on rainfall-runoff 
measurements. In this respect, data from the literature can only provide a rough 
indication. Figure 2 shows the results of surface analysis (reference = planning 
documents (GEP), evaluation of aerial photos, rainfall-runoff measurements) for ten 
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subcatchments in the test area. The differences compared to the planning data 
available are considerable and amount to as much as -74 %. The evaluation of aerial 
photos was able to reveal the errors produced by earlier surface analyses. But in the 
final analysis, the area connected up to the sewage system and affecting discharges 
can only be determined by means of carefully-performed rainfall-runoff 
measurements. 
Figure 2: Catchment areas of CSOs and SOTs 
3.3 CSO and SOT throttle settings 
In the Land (federal state) of North Rhine-Westphalia, throttle-settings of CSOs 
(combined sewer overflows) and SOTs (stormwater overflow tanks) have to be 
checked every five years. The permissible deviation error of these devices is 20 %. 
The throttles of all the CSOs and SOTs were checked by means of independent 
comparative measurements. The deviations of the desired values from the throttle 
settings actually ascertained were between +295 % and –94 %. These figures show 
that regular inspections are necessary and that actual service conditions may differ 
considerably from those planned for. 
3.4 Sewer infiltration water - estimates and evaluation of 
readings 
Discharge values are frequently derived from empirical values and not from readings. 
That applies especially to the quantities of sewer infiltration water obtained, these 
being furthermore not directly measurable as sewage and sewer infiltration water are 
discharged together. Literature-based values for quantities of sewer infiltration water 
obtained exhibit considerable fluctuations depending on the catchment area 
concerned, so that having recourse to literature-based values entails considerable 
uncertainty (e.g. Karanik and Johnson, 1976; Lucas, 2003). Using readings to 
determine the quantities of sewer infiltration water obtained may produce different 
results, depending on the evaluation algorithm applied to the readings. The three 
main official evaluation procedures used in Germany (the “minimum night-flow”, 
“moving minimum” and “annual sewage”-methods) are described in the DWA set of 
standards (ATV-DVWK, 2003).  
The quantities of domestic sewage and of sewer infiltration water obtained were 
determined for the test catchment area on the basis of the 3-year rainfall-runoff 
measurement campaign and the three evaluation algorithms referred to above. The 
“annual sewage”-method yields the smallest sewer infiltration water discharge -4.6 l/s, 













































Actual status (evaluation of aerial photos)
Actual status (calibration based on rainfall-runoff measurements)
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4 DETERMINATION OF RELEVANT INPUT-DATA SETS 
4.1 Engineering measures vs. data quality 
Does the impact of the uncertainty factors described above exceed that of the 
measures designed to reduce water pollution? To answer this question, the 
repercussions of the uncertainty factors associated with the underlying data as 
described above were compared and contrasted with the impact of the three 
measures referred to.  
For example, Figure 3 shows the variation in the maximum combined sewage 
discharges (QE1) into the receiving waters (return period 1 year, calculation period 21 
years) for seven CSOs or SOTs in the catchment area. Nine different variants were 
calculated and applied to the actual status of the system (calibrated model). To 
simplify the presentation of the uncertainties affecting the basic data, the long-term 
series of precipitation readings and the throttle settings were systematically scaled up 
or scaled down, as the case may be, by 20 %. To reflect the uncertainties affecting 
the surface analysis, one variant was considered without making allowance for model 
calibration (literature values for run-off coefficients), solely on the basis of the results 
of the evaluation of the aerial photos. The quantity of foreign water obtained was 
increased from 0.02 l/(s·ha) (reference variant) to 0.15 l/(s·ha). The results for the 
various overflow structures show that the impact of the uncertainties described is 
closely correlated to the boundary conditions in each case (e.g. connection potential 
in the catchment area, RTC potential, ...). The fact emerges that the uncertainties 
affecting determination of the quantity of precipitation and the surface analysis may 
exceed the impact of engineering measures (RTC, construction of storage capacities 
and disconnection of various areas). The sewer infiltration discharges and throttle 
settings have only a minor effect on the combined sewage discharge.  
On the whole, however, the results show that at least the same attention has to be 
devoted to the quality of the underlying data as to the development of engineering 
measures. Beforehand, the crucial input parameters should be determined in relation 
to the various target quantities, e.g. screening procedures or Monte-Carlo simulations 
(Section 4.2).  
Figure 3: Impact of uncertainties affecting the input data and the various engineering measures 









































































































































































UNCERTAINTY INPUT DATA MEASURES
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4.2 Ammonia concentration in the receiving water 
The simplified BWK-M3 computational model for determining concentrations in the 
receiving water requires a total of 195 input parameters for the test catchment area. 
For each input parameter, a range was fixed in which normal distribution was 
assumed.  
Figure 4 shows the mean and the standard deviation of the elementary effect based 
on the Morris method for the ammonia concentration in the receiving water. The chart 
shows quite impressively how the crucial input variables can be determined by using 
the Morris screening procedure. The pH value in the discharged combined sewage 
(PHM) and in the receiving stream (PHR), the water temperature (TG) and the NH4-N 
concentration value in the discharged combined sewage (CRNH4) are the four 
principal input variables. The run-off coefficient (PSI) only comes in 5th place.  
This ranking (5 most important parameters) has been confirmed by comparative 
calculations - Monte-Carlo simulations - and the computation of standardised 
regression coefficients (SRCs). The SRCs obtained for n = 400 repetitions are one of 
the entries in Figure 4. This method was also used to determine, inter alia, crucial 
input parameters for target quantities such as O2-concentration in the receiving water 
and volumetric rates of discharge (Hoppe, 2006). 
 Figure 4: Ranking of the crucial input parameters 
5 CONCLUSIONS 
The investigations showed that, depending on the target variable concerned, the 
influence of uncertainties associated with the basic input data may exceed the impact 
of the measures in question designed to reduce pollution levels in the receiving 
waters (e.g. implementation of RTC). Taking immission-oriented target variables into 
account (e.g. ammonia concentrations in the receiving water) has the result that, 
depending on the planning tool concerned, basic data that had been practically 
almost disregarded or not included at all beforehand now have a major impact (e.g. 
pH, temperature, NH4-N concentration). Due to the greater complexity of the 
interrelated effects, the repercussions of error and uncertainty on the target variables 
of integrated immission-oriented planning tools and models are not always apparent, 
so that the execution of a detailed uncertainty and sensitivity analysis is to be 
recommended. The results of this comparison between the implications of errors and 

















































standardised regression coefficients  (Monte-Carlo Simulation n=400)
PHM: 0.844, TG: 0.335, PHR: 0.132, CRNH4: 0.066, PSI: -0.097
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quality in the receiving waters provide a major criterion for how to allocate the capital 
investment required in future in the context of the integrated design of wastewater 
systems. The investigation clearly demonstrates that more emphasis must be placed 
on the quality of the underlying basic input data. 
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